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HIGH-SPEED DIGITAL FILTER PROCESSOR
INCLUDING PARALLEL PATHS FOR
PROCESSING DATA, SUITABLE FOR USE IN
SPATIAL FILTER IMAGE PROCESSING

CROSS-REFERENCE TO RELATED
APPLICATION

| This application is a continuation-in-part of applica-
- tion Ser. No. 336,460, filed Apr. 10, 1989 for DIGITAL
FILTER PROCESSOR, abandoned.

BACKGROUND OF THE INVENTION

The present invention generally relates to a digital
filter processor, and more particularly to a spacial filter
having a finite impulse response filter. |

Conventionally, spacial filter image processing is
employed for smoothing, edge extraction, edge empha-
sizing and the like in a digital copying machine, facsim-
ile machine, scanner and so on. In spacial filter image
processing with respect to pixels arranged in n rows and
n columns, a window of image is set which consists of
5 X5 pixels having as the center a pixel A which is one
of the 5 X 5 pixels. Then, a corresponding filter factor is
multiplied by each of the 55 image data of the win-
dow. Finally, the sum total of the multiplied image data
is calculated. The sum total is data obtained by subject-
ing the pixel A to the spacial filter image process. Image
data relating to each pixel is 6-bit image data capable of
representing 64 tone levels. |

For example, when an image matrix X which consists
of 5X 35 pixels x1j 1s represented by formula (1),
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and when a filter factor matrix W consisting of 5X5
filter factors Wij is represented by formula (2),
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image data FW obtained after spacial filter image pro-
cessing is represented as follows:

FW = WllX11 + Wi2X12 + W13X13
+ W14X14 4+ WISX15

+ W21X21 + W22X22 + W23X23

+ W24X24 + W25X25

+ W31X31 + W32X32 + W33X33

+ W34X34 + W35X35

FIG.1 1s a block diagram of a spacial filter image
processing device which implements spacial filter image
processing with a 5 X35 filter factor matrix W with re-
spect to a 5 X 5 image matrix X. Referring to FIG.1, the
spacial filter image processing device includes process-
ing circuits 51 through 55, which perform an image
processing for image data amounting to one line. Image
data X11, X12, X13, X14 and X1 relating to pixels are
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2

supplied to multipliers M11, M12, M13, M14 and M15
of a processing circuit 51 in this order in accordance
with the period of a predetermined clock signal. The
multipliers M11, M12, M13, M14 and M15 have multi-
plication factors W11, W12, W13, W14 and W15, re-
spectively. The multiplication result of the multiplier
M11 is supplied to a register D11. The multiplication
results supplied from the multipliers M12, M13, M14
and M18 are supplied to first input terminals of two-
input adders AS1, A52, AS3 and A54, respectively. At
this time, the register D51 temporarily stores the sup-
plied data in accordance with the clock period, and
supplies the stored data to the second input terminal of
the adder AS1. The adders AS1 through AS4 add the
data at the first input terminals thereof and the data at
the second input terminals, and supply the registers D52
through D55 with the addition results, respectively. In
response to this operation, the registers D582 through
D55 temporarily store the supplied data therein, and
then supply the same with the adders AS2, A53, A54,
AS3S and an adder ADD, respectively. The register DS§5
temporarily stores the supplied data with the clock
period, and then outputs, as an output signal of the
processing circuit 51, the stored data to a first input
terminal of the adder ADD.

Each of the processing circuits §2 through 5§ has the
same structure as the processing circuit 51 except that

they have corresponding multiplication factors. The
processing circuits 82 through 8§ subject image data
X21 through X28§, X31 through X385, X41 through X485,
and X51 through X355 to an image filter process in the
same way as the processing circuit 51. The operation
results supplied from the processing circuits 52 through
93 are fed to the second through fifth input terminals of
the adder ADD. The adder ADD adds all the data
supplied through the first through fifth input terminals
thereof, and outputs the image data FW which is the
addition result.

For example, when a filter factor matrix Ws of a
symmetrical image filtering process for an image is
represented by the following formula,

W11 (4)
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an resultant image FWs of the spacial filter image pro-
cess 1s represented as follows:

FW = WIl1X11 + WI12X12 + WI13X13
+ W12X14 = W11X15

+ W21X21 4+ W22X22 + W23X23

+ W22X24 = W21X25

+ W31X3] + W32X32 + W33X33

+ W32X34 + W3ILX35

4+ W41X4] 4+ W42X42 + W43X43

+ W42X44 + W41X45

+ WIlX11 4+ W352X52 + WS3IX53

+ W52X54 + WS51X55

(5)

However, in the above-mentioned conventional digi-
tal filter processors, 5 registers such as registers D51
through D35S are cascaded between the input and output
terminals of the processing circuits S1 through 55. For
this reason, it takes five times the aforementioned clock
period to obtain the resultant of the spacial filter image
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process. Such a time is considerably long, and therefore
it 1s necessary to reduce the processing time.

SUMMARY OF THE INVENTION

It 1s therefore a general object of the present inven-
tion to provide a digital filter processor in which the
above-mentioned disadvantages are eliminated.

A more specific object of the present invention 1s to
provide a higher-speed digital filter processor capable
of carrying out spacial filter image process at increased
speeds. |

The above objects of the present invention can be
achieved by a digital filter processor comprising input
means for distributing an input digital data train consist-
Ing of a plurality of digital data to a plurality of systems,
each of the systems being provided with a correspond-
ing one of the distributed data trains at the same time;
each of the systems including operation means for mul-
tiplying each digital data included in the corresponding
one of the distributed data trains by a corresponding
multiplication factor at the same time to thereby gener-
ate multiplied data and for generating a sum signal in-
dicative of the sum total of the multiplied data related to
the corresponding one of the distributed data trains,
each of the systems outputting the sum signal at the
same time; and selection means for selecting one of the
sum signals supplied from the operation means provided
for the plurality of systems and for outputting an output
digital signal.

The above objects of the present invention can also
be achieved by a digital filter processor for carrying out
spacial filter image processing with respect to an image
matrix X consisting of image data Xij arranged in n
rows and n columns (n is an arbitrary integer), by using
a filter factor matrix Wij which consists of factors Wij
arranged in n rows and n columns where factors relat-
ing to columns other than the [(n+1)/2]-th column are
symmetrical with respect to the [(n+1)/2]-th column,
the digital filter processor comprising a plurality of
processing circuits each receiving image data amount-
ing to one row of the image matrix and outputting a first
partial sum signal, and adder means for adding the first
partial sum signals supplied from the plurality of pro-
cessing circuits, thereby outputting a filtered image
signal, each of the processing circuits comprising input
means for distributing the image data Xij supplied for
every row to m systems (m is an arbitrary integer), each
of the systems including operation means for multiply-
ing the distributed image data Xij by the corresponding
factors Wij and for generating a second partial sum
signal indicative of the sum total of all the multiplied
data relating to the corresponding system; and selection
means for selecting one of the second partial sum signals
supplied from the operation means provided for the
systems, the selected one of the second partial sum
signals being supplied, as one of the first partial sum
signals, t0 the adder means.

The above objects of the present invention can also
be achieved by a digital filter processor for carrying out
spacial filter image processing with respect to an image
matrix X consisting of image data Xij arranged in n
rows and n columns (n is an arbitrary integer), by using
a filter factor matrix Wij which consists of factors Wij
arranged in n rows and n columns where factors relat-
ing to columns other than the [(n+ 1)/2]-th column are
symmetrical with respect to the [(n+1)/2]-th column,
the digital filter processor comprising a plurality of
processing circuits each receiving image data Xij
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amounting to one row and outputting m partial sum
signals, each of the processing circuits comprising input
means for distributing the image data Xij supplied for
every row to m systems (m 1s an arbitrary integer), each
of the systems including operation means for multiply-
ing the distributed image data Xij by the corresponding
factors Wij and for generating one of the m partial sum
signals indicative of the sum total of all the multiplied
data relating to the corresponding system; the digital
filter processor further comprising adder means for
separately adding the partial sum signals relating to the
corresponding systems in each of the plurality of pro-
cessing circuits, thereby generating m addition results;
and selection means for selecting one of the m addition
results supplied from the adder means and for generat-
ing a filtered image data which has been subjected to
the spacial filter image processing.

Other objects, features and advantages of the present
invention will become apparent from the following
detailed description when read in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G.1 1s a block diagram of a conventional spacial
filter image processing device; |

FIG. 2 1s a block diagram showing how to combine
FIGS. 2A and 2B;

FI1GS. 2A and 2B are block diagrams of a preferred
embodiment of the present invention;

FIG. 3 is a view 1llustrating clock signals used in the
embodiment;

FIG. 4 1s a block diagram showing how to combine
FIGS. 4A and 4B;

FIGS. 4A and 4B are block diagrams of a vanation of

the embodiment of FIG. 2: and

FIG. 5 1s a block diagram showing how to combine
FIGS. SA and 5B, and.

FIGS. SA and SB are block diagrams of another
preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A description will now be given of a preferred em-
bodiment of the present invention with reference to
FIGS. 2A and 2B, in which those parts which are the
same as those in FIG.1 are given the same references.

The illustrated embodiment is a spacial filter image
processing device, and includes five processing circuits
11 through 15 which perform the spacial filter image
process with the filter factor matrix W which consists of
5% 5 factors with respect to the image matrix X consist-
ing of 5 X 5 pixels. The processing cireuits 11 through 15
have the same structure, and therefore a detailed struc-
ture of only the processing circuit 11 is depicted in FIG.
2A. Each processing circuit is a finite impulse response
filter.

The embodiment of FIGS. 2A and 2B has the follow-
ing features. Consecutive image data X11, X12, X13,
X14 and X135 are supplied to flip-flops FF1 and FF2,
which have the same storing timing. The data train of
consecutive image data X11, X12, X13, X14 and X15 is
divided into two data trains, one of which consists of
image data X11, X13 and X185, the other consisting of
image data X12, X14 and X16. It is noted that X16
subsequent to X185 is not concerned with the matrix
defined by formula (1). In other words, the consecutive
image data are distributed to two systems by the flip-
flops FF1 and FF2. Further, the number of registers
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cascaded between input and output terminals of each of
the processing circuits 11 through 15 is reduced to 4.
The image data X11, X12, X13, X14 and X15 in the
first row of the image matrix X defined by the formula
(1) are alternately supplied to the flip-flops FF1 and
FF2 with the period of a clock signal CK1, which is
generated by a clock signal generator 21. The clock
signal CK1 is illustrated in FIG. 3. The flip-flops FF1
and FF2 operate in synchronism with clock signal CK1.
The flip-flops FF1 and FF2 temporarily store and out-
put the incoming data in synchronism with the rise of
the clock signal CK1. As shown in FIG. 3(¢) and FIG.
3(d), the output data successively supplied from the
flip-flop FF1 is supplied to multipliers M1, M2 and M3
in synchronism with the clock signal CK1, and the
output data successively supplied from the flip-flop FF2

1s supplied to multipliers M4, M5 and M6 in synchro-
nism with the clock signal CK1.

Elements provided between the flip-flops FF1 and
F¥F2 and a switch SW operate in synchronism with a
clock signal CK, which is generated by the clock signal
generator 21.

Before executing the spacial filter image process,
filter factors W11, W13, W12, W11, W13 and W12
relating to the first row of the filter factor matrix Ws
defined by the formula (4) are supplied, as multiplica-
tion factors, to the multipliers M1, M2, M3, M4, MS§ and
M6, respectively. These filter factors are generated by a
central processing unit 20 (hereafter simply referred to
as a CPU), and are temporarily stored in corresponding
flip-flops FF3 through FF8 associated with the multi-
pliers M1 through M6, respectively. The multipliers
M1, M2 and M3 multiply the corresponding image data
by the multiplication factors W11, W13 and W12, re-
spectively. The multipliers M4, MS§ and M6 multiply the
corresponding image data by the multiplication factors
W11, W13 and W12, respectively.

The multiplication result from the multiplier M1 is
supplied to a register D1 and a first input terminal of an
adder A1l. The multiplication result from the multiplier
M2 i1s supplied to a second input terminal of an adder-
subtracter AS1. The multiplication result from the mul-
tiplier M3 1s supplied to a register DS and a first input
terminal of an adder-subtracter AS2. The multiplication
result from the multiplier M4 is supplied to a register
D11 and a first input terminal of an adder A3. The
multiplication result from the multiplier M5 is supplied
to a first input terminal of an adder-subtracter AS3. The
multiplication result from the multiplier M6 is supplied
to a register D15 and a first input terminal of an adder-
subtracter AS4.

Registers D1 through D6 and D11 through D17 in-
put, in synchronism with the rise of the clock signal CK,
the corresponding data, which is supplied with the per-
10d of the clock signal CK, and store the same tempo-
rarily. The registers D1-Dé and D11-D17 function as
unit delay elements. |

The CPU 20 writes data which indicate the sign of
“+” or *—” relating to the data into the fourth and fifth
columns of the formula (4) in flip-flops FF9 through
FF12. Then, the sign data stored in the flip-flops FF9
through FF12 are transferred to the adder-subtracters
AS1 through AS4, respectively. The output data of the
register D1 is supplied to a second input terminal of the
adder-subtracter AS1. The adder-subtracter AS1 exe-
cutes addition or subtraction with respect to the data
supplied to the first and second input terminals thereof,
depending on the sign data supplied from the flip-flop
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6
FF9. The operation result is supplied to a second input
terminal of the adder A1l through the register D2. The
adder Al adds the data supplied to the first and second
input terminals thereof, and outputs the resultant to a
first input terminal of an adder A2 through the register
D3. The adder A2 adds the data supplied to the first and
second input terminals thereof, and outputs the addition
result (FW11 shown in FIG. 3(f) to an (a) terminal of
the switch SW through the register D4.

The data supplied from the register DS is supplied to
a second input terminal of the adder-subtracter AS2.
The adder-subtracter AS2 executes addition or subtrac-
tion with respect to the data supplied to the first and
second input terminals thereof, depending on the sign
data supplied from the flip-flop FF10. The operation
result in the adder-subtracter AS2 is supplied to a first

input terminal of an adder A4 through the register D6.

The data output from the register D11 is supplied to
a second input terminal. of the adder-subtracter AS3.
The adder-subtracter AS3 executes addition or subtrac-
tion with respect to the data supplied from the first and
second input terminals thereof, depending on the sign
data supplied from the flip-flop FF11. The operation
result in the adder-subtracter AS3 is supplied to a sec-
ond input terminal of the adder A3 through the register
D12. The adder A3 adds the data supplied to the first
and second input terminals thereof, and outputs the
addition result to a second input terminal of the adder
Ad4. The adder A4 adds the data supplied to the first and
second 1nput terminals thereof, and outputs the addition

‘result (FW12 shown in FIG. 3(f) to a (b) terminal of the

switch SW through the register D14.

The output data of the register D15 is supplied to the
second input terminal of the adder-subtracter AS4. The
adder-subtracter AS4 executes addition or subtraction
with respect to the data supplied to the first and second

input terminals thereof. The operation result derived
from the adder-subtracter AS4 is supplied to the second
input terminal of the adder A2 through the registers
D16 and D17. -

The switch SW alternately and repetitively selects
one of the (a) and (b) terminals in synchronism with the
clock signal CK1 shown in FIG. 3(a). The selected data
1s then applied to the first input terminal of the adder
ADD. The switch SW selects the (a) terminal when the
clock signal CK1 is maintained at a high level, and
selects the (b) terminal when the clock signal CK1 is
maintained at a low level. As a result, in synchronism
with the clock signal CK1, the resultant data from the
spacial filter image process for the image data X11
through X185 is output from the register D4 through the
(a) terminal of the switch SW and is then output from
the register D14 through the (b) terminal of the switch
SW.

The processing circuit 11 thus constructed supplies
the first input terminal of the adder ADD with the
result of the operation on the data in the first row of the
image matrix X defined by the formula (1) in the right
side of the formula (5) and the data of the five terms
relating to the first row of the filter factor matrix Ws
detined by the formula (4). The above operation uses
the multiplication factors W11, W13, W12, W11, W13
and W12 to be written into the multipliers M1 through
M6, respectively, the sign data to be written into the
adder-subtracters AS1 through AS4, and the consecu-
tive image data X11, X12, X13, X14 and X15. As has
been described previously, the processing circuit 11
includes two systems. Therefore, the spacial filter image
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process for the image data X11 through X15 provides
the filtered output at increased speeds.

Each of the processing circuits 12 through 15 is con-
structed and operate in the same way as the processing
circuit 11.

The processing circuit 12 is previously supplied with
multiplication factors W21, W23, W22, W21, W23 and
W22, and data relating to the sign to be written into
adder-subtracters corresponding to the adder-subtrac-
ters AS1 through AS4. These multiplication factors are
supplied from the CPU 20. The processing circuit 12 is
also supplied with tmage data X21, X22, X23, X24 and
X28, which are input at the time of spacial filter image
processing. Then the processing circuit 12 outputs to a

10

second input terminal of the adder ADD the result of 1°

the operation on data in the second row of the image
matrix X defined in the formula (1) included in the right
side of the formula (5) and data of five terms relating to
the second row of the filter factor matrix Ws defined by
the formula (4).

The processing circuit 13 1s supplied beforehand by
the CPU 20 with multiplication factors W31, W33,
W32, W31, W33 and W32, and data relating to the sign
to be written into adder-subtracters corresponding to
the adder-subtracters AS1 through AS4. The process-
ing circuit 13 is also supplied with image data X31, X32,
X33, X34 and X35, Which are input at the time of spa-
cial filter image processing. Then the processing circuit
12 outputs to a third input terminal of the adder ADD
the result of the operation on data in the third row of the
image matrix X defined in the formula (1) included in
the right side of the formula (5) and data of five terms
relating to the third row of the filter factor matrix Ws
defined by the formula (4).

The processing circuit 14 is supplied beforehand by
the CPU 20 with multiplication factors W41, W43,
W42, W41, W43 and W42, and data relating to the sign
to be written into adder-subtracters corresponding to
the adder-subtracters AS1 through AS4. The process-
ing circuit 12 is also supplied with image data X41, X42,
X43, X44 and X435, which are input at the time of spacial
filter 1mage processing. Then the processing circuit 14
outputs to a fourth input terminal of the adder ADD the
result of the operation on data in the fourth row of the
image matrix X defined in the formula (1) included in
the right side of the formula (5) and data of five terms
relating to the fourth row of the filter factor matrix Ws
defined by the formula (4).

The processing circuit 15 is supplied beforehand by
the CPU 20 with multiplication factors W81, W83,
W52, WS1, W83 and W52, and data relating to the sign
to be written into adder-subtracters corresponding to
 the adder-subtracters AS1 through AS4. The process-
ing circuit 15 is also supplied with image data X$§1, X352,
X53, X54 and X55, which are input at the time of spacial
filter image processing. Then the processing circuit 12
outputs to a third input terminal of the adder ADD the
result of the operation on data in the fifth row of the
image matrix X defined in the formula (1) included 1n
the right side of the formula (3) and data of five terms
relating to the fifth row of the filter factor matrix Ws
defined by the formula (4).

The adder ADD adds the data applied to the first to
fifth input terminals thereof, and generates data of the
operation result FWs. When a plurality of image ma-
trixes X are successively input to the spacial filter image
processing device in order, the operation results FWs
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are made available at the output terminal of the adder
ADD with the period of the clock signal CK.

According to the aforementioned embodiment, the
data of the image matrix X is distributed to the systems,
each of which separately subjects the distributed data to
the spacial filter image process. Additionally, the num-
ber of registers between the input and output of each
processing circuit is 4. As a result, it takes four times the
period of the clock signal CK to obtain the result of the
operation (finite impulse response processing) on the
data supplied through the registers D4 and D14. The
operation result of the spacial filter image process is
made available by simply adding the operation results
supplied from the processing circuits 11 through 15. As
a result, 1t 1s possible to execute an operation with twice
the period of the clock signal CK per one datum. There-
fore, according to the present embodiment, it is possible
to reduce the processing time to two-fifths of the pro-
cessing time of the aforementioned conventional device
where the operation i1s carried out with five times the
period of the clock signal CK.

A variation of the above-mentioned embodiment is
llustrated in FIGS. 4A and 4B, in which those parts
which are the same as those in FIGS. 2A and 2B are
given the same references. Referring to FIGS. 4A and
4B, the data output from the register D4 in the process-
ing circuit 11 is supplied to a first input terminal of an
adder ADD1. Similarly, the data output from the regis-
ters D4 in the processing circuits 12 through 18 are
supplied to second to fifth input terminals of the adder
ADD1. The output data of the register D14 in the pro-
cessing circuit 11 is supplied to a first terminal of an
adder ADD2. Similarly, the output data of the registers
D14 in the processing circuits 12 through 1§ are sup-
plied to second to fifth input terminals of the adder
ADD?2. The addition results of the adders ADD1 and
ADD2, which are the data FWs, are supplied to (a) and
(b) input terminals of a switch SW1, which is alternately
switchable therebetween in synchronism with the clock
signal CK1.

In the above-mentioned embodiment and the varia-
tion thereof, the image data train is divided into two
systems. In an alternative embodiment, it 1s possible to
divide the image data train into more than two systems.

FIGS. SA and 5B illustrate an essential part of an-
other preferred embodiment of the present invention.
The illustrated circuit is a sum-of-products circuit with
respect to the i-th row in the case where the input data
train is distributed to 5 circuit systems. Image data Xi,5n
1s supplied to multipliers M21 through M2§, and image
data X1,5n+1 1s supplied to multipliers M26 through
M30. Image data Xi,5n+2 is supplied to multipliers
M31 through M35, and image data Mi,5n+ 3 1s supplied
to multipliers M36 through M40. Image data Mi,Sn+-4
1s supplied to multipliers M41 through M45. The multi-
pliers M21 through M45 are supplied to corresponding
illustrated multiplication factors. For example, the mul-
tipliers M21 through M28$ are supplied with multiplica-
tion factors Wil, Wi2, Wi3, Wi2 and Wil, respectively.

Output signals of the multipliers M21 through M25
are supphed to first input terminals of adders ADD7
through ADD3, respectively. Each of the adders
ADD3 through ADD7 has the first through fifth input
terminals. Output signals of the multipliers M26
through M29 are supplied to the second input terminals
of the adders ADD7 through ADDJ4, respectively. The
output signal of the multiplier M30 s supplied to the
second input terminal of the adder ADD3 through a
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register D21. The output signals of the multipliers M31

through M33 are supplied to the third input terminals of
the adders ADD?7 through ADDS, respectively. The
output signals of the multipliers M34 and M3$ are sup-
plied to the second input terminals of the adders ADD4

and ADD3 through registers D25 and D22, respec-

tively. The output signals of the multipliers M36 and
M37 are supplied to the fourth input terminals of the
adders ADD7 and ADDS6, respectively. The output
signals of the multipliers M38, M39 and M40 are sup-
plied to the third input terminals of the adders ADDS,
ADD4 and ADD3 through registers D28, D26 and
D23, respectively. The output signal of the multiplier
M41 is supplied to the fifth input terminal of the adder
ADD7. The output signals of the multipliers M42 !
through M4$§ are supplied to the fifth input terminals of
the adders ADD®6 through ADD3 through registers
D30, D29, D27 and D24, respectively.

When the output signals of the adders ADD3
through ADD7 are represented as Dil through Di§,
respectively, the operation results FW1 through FWS§
are described as follows:

FW1=Dl14+D24+4D344D44 4+ D45
FW3i=DI114+D21+D31+D414+DS51
FW4=

D12+D22+D32+D42+ D52

FWS=D13+D23+D33+D43+ D53
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The embodiment shown in FIG. § presents the same

advantage as the first embodiment.
The present invention is not limited to the above-
mentioned embodiments, and variations and modifica-

tions may be made without departing from the scope of 40

the present invention.

What is claimed 1s:

1. A digital filter processor comprising:

input means for distributing an input digital data tram
including a plurality of digital data to a plurality of ¢
systems, each of said systems being provided with
a corresponding one of the distributed data trains at
the same time; |

each of said systems including operation means for
multiplying each digital data included in said corre-
sponding one of the distributed data trains by a
corresponding multiplication factor at the same
time to thereby generate multiplied data and for
generating a sumn signal indicative of a sum total of
said multiplied data related to said corresponding
one of the distributed data trains, each of said sys-
tems outputting said sum signal at the same time;

selection means for selecting one of the sum signals
supplied from said operation means provided for
sald plurality of systems and for outputting an out-
put digital signal; and

clock signal generating means for generating a first
clock signal CK and a second clock signal CK1,
said input digital data train being supplied to said
input means in synchronism with said second clock
signal CK1, said selection means being controlled
by said second clock signal CK1, and said opera-
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tion means operating in synchronism with said first
clock CK.

2. A digital filter processor as claimed in claim 1,
wherein said selection means selects the sum signals
supplied from said operation means one by one in a
predetermined order.

3. A digital filter processor as claimed in claim 3,
wherein the period of said second clock signal CK1 is
shorter than the period of said first clock signal CK.

4. A digital filter processor as claimed in claim 3,
wherein when said digital filter processor has m systems
(m is an arbitrary integer), said second clock signal CK1

1s m times faster than said first clock signal CK.

5. A digital filter processor as claimed in claim 1,
5 wherein said input digital data train is data relating to a
row of a data matrix. |

6. A digital filter processor as claimed in claim 1,
wherein said digital data included in satd input digital
data train is part of n x n image data (n is an arbitrary
integer) which represent data relating to one pixel.

7. A digital filter processor as claimed in claim 1,
wherein said input means comprises flip-flops con-
nected to the corresponding systems.

8.' A digital filter processor as claimed in claim 7,
wherein each of said flip-flops connected to said plural-
ity of systems enters said digital data at the same time..
- 9. A digital filter processor as claimed in claim 1,
wherein said operation means comprises registers and
adders.

10. A digital filter processor as claimed in claim 1,
wherein said digital filter processor comprises two sys-
tems.

11. A digital filter processor as claimed in claim 1,
wherein:

said input digital data train includes five data, and said

- digital filter processor has first and second systems,

satd operation means included in said first system
comprises first to third multipliers each having first
and second input terminals and an output terminal,
first to sixth registers each serving as a unit delay
element, first and second adders each having first
and second input terminals and an output terminal,
and first and second adder-subtracters each having
first and second input terminals and an output ter-
minal, |

said operation means included in said second system
comprises fourth to sixth multipliers, seventh to
thirteenth registers each serving as a unit delay
element, third and fourth adders each having first
and second input terminais and an output terminal,
and third and fourth adder-subtracters each having
first and second input terminals and an output ter-
minal,

said first multiplier is connected to the first input
terminal of said first adder and the first input termi-
nal of said first adder-subtracter through said first
register, said second multiplier is connected to the
second terminal of said first adder-subtracter, and
said third multiplier is connected to the first input
terminal of the second adder-subtracter and to the
second input terminal of the second adder-subtrac-
ter through the fifth register, the sixth register

- connected to the output terminal of the second

adder-subtracter,

the output terminal of said first adder-subtracter is
coupled to the second input terminal of said first
adder through said second register, the output
terminal of the first adder is coupled to the first
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input terminal of the second adder through the
third register, and the output terminal of the sec-
ond adder is connected to the fourth register,

the fourth multiplier is connected to the first input
terminal of the third adder and the first input termi-
nal of the third adder-subtracter through the sev-
enth register, and the fifth multiplier is connected
to the second input terminal of the third adder-sub-
tracter, the sixth multiplier being connected to the
first input terminal of the fourth adder-subtracter
and to the second input terminal of the fourth add-
er-subtracter through the eleventh register,

the output terminal of the third adder-subtracter is
coupled to the second input terminal of the third
adder through the eighth register, and the output
terminal of the third adder is coupled to the second
input terminal of the fourth adder through the
eighth register, the first input terminal of the fourth
adder being connected to the sixth register,

the output signal of the fourth adder is connected to
the tenth register, and the output terminal of the
fourth adder-subtracter is coupled to the second
input terminal of the second adder through the
twelfth and thirteenth registers, and

the fourth register and the tenth register are con-
nected to the selection means.

12. A digital filter processor as claimed 1n claim 11,
wherein said selection means has a switch having first
and second input terminals, and an output terminal, and
wherein the first and second input terminals of said
switch are connected to the fourth and tenth registers,
respectively, and said output digital signal 1s drawn
from the output terminal of said switch.

13. A digital filter processor as claimed in claim 11,
wherein said switch alternately selects one of the signal
trains supplied from the fourth and tenth registers.

14. A digital filter processor as claimed in claim 13,
wherein said input means comprises:

a first flip-flop connected to the first to third multipli-

ers, and

a second flip-flop connected to the fourth to sixth
multipliers,

wherein said first flip-flop, said second flip-flop and
said switch operate at the same time.

15. A digital filter processor as claimed in claim 11,
wherein said first through sixth multipliers have corre-
sponding multiplication factors.

16. A digital filter processor as claimed in claim 11,
wherein each of said first to fourth adder-subtracters
carries out addition or subtraction.

17. A digital filter processor for carrying out spacial
filter image processing with respect to an image matrix
X including image data Xij arranged in n rows and n
columns (n i1s an arbitrary integer), by using a filter
factor matrix Wij which consists of factors Wij ar-
ranged in n rows and n columns where factors relating
to columns other than the ((n+1)/2)-th column are
symmetrical with respect to the ((n+1)/2)-th column,
said digital filter processor comprising:

a plurality of processing circuits each receiving image
data amounting to one row of said image matrix
and outputting a first partial sum signal, and adder
means for adding said first partial sum signals sup-
plied from the plurality of processing circuits,
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thereby outputting a filtered image signal, each of 65

said processing circuits including:
(a) input means for distributing said image data Xi}
supplied for every row to m systems (m is an

12

arbitrary integer), each of said systems including
operation means for multiplying the distributed
image data Xij by the corresponding factors Wij
and for generating a second partial sum signal
indicative of a sum total of all the multiplied data
relating to the corresponding system; and

(b) selection means for selecting one of the second
partial sum signals supplied from said operation
means provided for each of said systems, the
selected one of the second partial sum signals
being supplied, as one of said first partial sum
signals, to said adder means; and

clock signal generating means for generating a first

clock signal CK and a second clock signal CK1,
said image data relating to one row being supphed
to said input means in synchronism with said sec-
ond clock signal CK1, said selection means being
controlled by said second clock signal CK1, and
sald operation means operating in synchronism
with said first clock signal CK.

18. A digital filter processor as claimed in claim 17,
wherein the period of said second clock signal CK1 is
shorter than the period of said first clock signal CK.

19. A digital filter processor as claimed in claim 18,
wherein said second clock signal CK1 is m times faster
than said first clock signal CK.

20. A digital filter processor as claimed in claim 17,
wherein said input means comprises a flip-flop provided
for each of the systems.

21. A digital filter processor as claimed in claim 20,
wherein each of said flip-flops provided for said plural-
ity of systems enters said image data at the same time.

22. A digital filter processor as claimed in claim 17,
wherein said operation means comprises registers and
adders.

23. A digital filter processor as claimed in claim 17,
wherein:

said image data Xij includes five data amounting to

one line, and said digital filter processor includes
five processing circuits each including first and
second systems (m=2);

said operation means included in said first system

comprises first to third multipliers each having first
and second input terminals and an output terminal,
first to sixth registers each serving first and second
input terminals and an output terminal, and first
and second adder-subtracters each having first and
second input terminals and an output terminal;
said operation means included in said second system
comprises fourth to sixth multipliers, seventh to
twelfth registers each serving as a unit delay ele-
ment, third and fourth adders each having first and
second input terminals and an output terminal, and
third and fourth adder-subtracters each having first
and second input terminals and an output terminal,
said first multiplier is connected to the first input
terminal of said first adder and the first input termi-
nal of said first adder-subtracter through said first
register, said second multiplier is connected to the
second terminal of said first adder-subtracter, and
said third multiplier is connected to the first input
terminal of the second adder-subtracter and to the
second input terminal of the second adder-subtrac-
ter through the fifth register, the sixth register
connected to the output terminal of the second
adder-subtracter; -

the output terminal of said first adder-subtracter is

coupled to the second input terminal of said first
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adder through said second register, the output
terminal of the first adder is coupled to the first
input terminal of the second adder through the
third register, and the output terminal of the sec-
ond adder is connected to the fourth register;
the fourth multiplier is connected to the first input
terminal of the third adder and the first input termi-
nal of the third adder-subtracter through the sev-
enth register, and the fifth multiplier i1s connected
to the second input terminal of the third adder-sub-
tracter, the sixth muitiplier being connected to the
first input terminal of the fourth adder-subtracter
and to the second input terminal of the fourth add-
er-subtracter through the eleventh register,

the output terminal of the third adder-subtracter is
coupled to the second input terminal of the third
adder through the eighth register, and the output
terminal of the third adder is coupled to the second
input terminal of the fourth adder through the
eighth register, the first input terminal of the fourth
adder being connected to the sixth register,

the output signal of the fourth adder i1s connected to
the tenth register, and the output terminal of the
fourth adder-subtracter is coupled to the second
input terminal of the second adder through the
twelfth and thirteenth registers; and

the fourth register and the tenth register of each pro-
cessing circuit are connected to the selection means
of the same processing circuit.

24. A digital filter processor as claimed in claim 23,
wherein said selection means has a switch having first
and second input terminals, and an output terminal, and
wherein the first and second input terminals of said
switch are connected to the fourth and tenth registers,
respectively, and the output terminal of said switch is
connected to said adder means.

25. A digital filter processor as claimed in claim 24,
wherein said input means comprises:

a first flip-flop connected to the first to third multipli-

ers, and

a second flip-flop connected to the fourth to sixth
multipliers,

wherein said first flip-flop, said second flip-flop and
said switch operate at the same time.

26. A digital filter processor as claimed in claim 23,
wherein said switch alternately selects said second par-
tial sum signals supplied from the fourth and tenth regis-
ters. -

27. A digital filter processor as claimed in claim 23,
wherein said first through sixth multipliers are provided
with corresponding factors.

28. A digital filter processor as claimed in claim 23,
wherein each of said first to fourth adder-subtracters
carries out addition or subtraction.

29. A digital filter processor for carrying out spacial
filter image processing with respect to an image matrix
X including image data Xij arranged in n rows and n
columns (n 1s arbitrary integer), by using a filter factor
matrix Wij which consists of factors Wij arranged in n
rows and n columns where factors relating to columns
other than the ((n+2)/2)-th column are symmetrical
with respect to the ((n+1)/2)-th column, said digital
filter processor comprising:

(a) a plurality of processing circuits each receiving
image data Xij amounting to one row and output-
ting m partial sum signals, each of said processing
circuits including input means for distributing said
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(m is an arbitrary integer), each of said systems
including operation means for multiplying the dis-
tributed image data X1ij by the corresponding fac-
tors W1 and for generating one of said m partial
sum signals indicative of a sum total of all the muliti-
plied data relating to the corresponding system;

(b) adder means for separately adding said partial sum

signals relating to the corresponding systems in
each of the plurality of processing circuits, thereby
generating m addition results;

(c) selection means for selecting one of the m addition

results supplied from said adder means and for
generating a filtered image data which has been
subjected to said spacial filter image processing;
and

(d) clock signal generating means for generating a

first clock signal CK and a second clock signal
CK1, said image data relating to one row being
supplied to said input means in synchronism with
said second clock signal CK1, said selection means
being controlled by said second clock signal CK1,
and said operation means operating in synchronism
with said first clock signal CK.

30. A digital filter processor as claimed in claim 29,
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image data Xij supplied for every row to m systems

sald 1image data Xi; includes five data amounting to

one line, and said digital filter processor includes
five processing circuits each including first and
second systems (m=2);

said operation means included in said first system

comprises first to third multipliers each having first
and second input terminals and an output terminal,
first to sixth registers each serving as a unit delay
element, first and second adders each having first
and second input terminals and an output terminal,
and first and second adder-subtracters each having
first and second input terminals and an output ter-

- minal;
said operation means included in said second system

comprises fourth to sixth multipliers, seventh to
thirteenth registers, third and fourth adders each
having first and second input terminals and an out-
put terminal, and third and fourth adder-subtrac-
ters each having first and second input terminals
and an output terminal; |

sald first multiplier is connected to the first input

terminal of said first adder and the first input termi-

- nal of said first adder-subtracter through said first

register, said second multiplier is connected to the
second terminal of said first adder-subtracter, and
said third multiplier is connected to the first input
terminal of the second adder-subtracter and to the
second input terminal of the second adder-subtrac-
ter through the fifth register, the sixth register
connected to the output terminal of the second
adder-subtracter:

the output terminal of said first adder-subtracter is

coupled to the second input terminal of said first
adder through said second register, the output
terminal of the first adder is coupled to the first
input terminal of the second adder through the
third register, and the output terminal of the sec-
ond adder is connected to the fourth register;

the fourth multiplier is connected to the first input

terminal of the third adder and the first input termi-
nal of the third adder-subtracter through the sev-
enth register, the fifth multiplier is connected to the
second input terminal of the third adder-subtracter,
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and the sixth multiplier is connected to the first
input terminal of the fourth adder-subtracter and to
the second input terminal of the fourth adder-sub-
tracter through the eleventh register;

the output terminal of the third adder-subtracter is 5

coupled to the second input terminal of the third
adder through the eighth register, and the output
terminal of the third adder is coupled to the second
input terminal of the fourth adder, the first input
terminal of which is connected to the sixth register;

the output signal of the fourth adder is connected to
the tenth register, and the output terminal of the
fourth adder-subtracter is coupled to the second
input terminal of the second adder through the
twelfth and thirteenth registers; and

the fourth register and the tenth register are con-

nected to the adder means.

31. A digtal filter processor as claimed in claim 30,
wherein said adder means comprises first and second
adders, wherein said first adder is supplied with the m
partial sum signals supplied from the first systems in-
cluded in said first to fifth processing circuits, thereby

10

15

20

25

30

35

45

50

53

65

16

outputting a first result, and said second adder is sup-
plied with the m partial sum signals supplied from the
second systems of said first to fifth processing circuits,
thereby outputting a second result, and wherein said
first and second results are supplied to said selection
means.

32. A digital filter processor as claimed in claim 31,
wherein said selection means comprises a switch having
a first input terminal supplied with said first result, and
a second input terminal supplied with said second result,
and said switch outputs said filtered image data.

33. A digital filter processor as claimed in claim 32,
wherein said input means provided in each of said pro-
cessing circuits comprises first and second flip-flops,
and wherein said first flip-flop is connected to said first
system, and said second flip-flop is connected to said
second system.

34. A digital filter processor as claimed in claim 33,
wherein said first flip-flop, said second flip-flop and said

switch operate in synchronism with each other.
x % X X *
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